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ABSTRACT

Background: Weakness of the rotator cuff muscles can lead to imbalances in the strength of shoulder external and internal
rotators, change the biomechanics of the glenohumeral joint and predispose an athlete to injury. Transcranial direct current
stimulation (tDCS) is a non-invasive brain stimulation technique that has demonstrated promising results in a variety of
health conditions. However few studies addressed its potential approach in the realm of athletics.

Hypothesis/Purpose: The purpose of this study was to investigate if transcranial direct current stimulation (tDCS) tech-
nique increases the isometric muscle strength of shoulder external and internal rotators in handball athletes.

Study Design: Randomized, double-blind, placebo-controlled, crossover study.

Methods: Eight female handball players aged between 17 and 21 years (Mean=19.65; SD=2.55) with 7.1 + 4.8 years of
experience in training, participating in regional and national competitions were recruited. Maximal voluntary isometric
contraction (MVIC) of shoulder external and internal rotator muscles was evaluated during and after 30 and 60 minutes post
one session of anodal and sham current (2mA; 0.057mA/cm?) with a one-week interval between stimulations.

Results: Compared to baseline, MVIC of shoulder external and internal rotators significantly increased after real but not
sham tDCS. Between-group differences were observed for external and internal rotator muscles. Maximal voluntary isomet-
ric contraction of external rotation increased significantly during tDCS, and 30 and 60 minutes post-tDCS for real tDCS
compared to that for sham tDCS. For internal rotation MVIC increased significantly during and 60 minutes post-tDCS.

Conclusions: The results indicate that transcranial direct current stimulation temporarily increases maximal isometric
contractions of the internal and external rotators of the shoulder in handball players.

Level of Evidence: 2
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INTRODUCTION

Transcranial direct current stimulation (tDCS) is a
non-invasive brain stimulation technique for modu-
lation of brain activity and excitability that has dem-
onstrated promising results in a variety of health
conditions, such as chronic pain,’* depression® and
chronic stroke.* For healthy athletes, tDCS is poten-
tially useful due to the possibility of ergogenic or facili-
tatory effect in muscle performance and sports’ skills.®
Previous authors have shown that an application of
anodal tDCS (a-tDCS) over primary motor cortex (M1)
of healthy individuals improves muscle endurance®’;
enhances pinch force in the lower leg (grip force of
the great toe and the second toe)® and enhances the
consolidation of ballistic thumb movement.® Other
researchers investigated the effect of tDCS over the
left premotor cortex and found an improvement per-
formance of a dexterity-demanding task.'”

Specifically for muscle performance tasks, the effect
of tDCS seems to be related to alterations in motor
unit recruitment strategies.”'"''? Taken together these
results suggest that tDCS could be useful as an auxil-
iary tool for physical and motor performance training.
However despite some evidence of the benefits of tDCS
in healthy volunteers, few studies have addressed its
potential approach in the realm of athletics.

Increase in muscle capabilities even at minimum
levels can be useful for athletes, especially for sports
demanding excessive and repetitive efforts. For
instance, in throwing athletes such as handball play-
ers, muscle weakness of external shoulder rotators is
associated with shoulder injury.'® Muscle imbalance
between the external and internal rotator muscles
is also observed in handball players.'* Thus optimal
muscle function is highly desired to avoid shoulder
injury and impairment in sports performance. The
possibility of identifying a safe ergogenic aid to opti-
mize muscle recruitment and muscle strength is of
extreme interest to athletes, coaches and research-
ers, and modulation of the motor cortex by tDCS
may be an easy and helpful strategy in this condi-
tion. The purpose of this study was to investigate
whether tDCS technique increases the isometric
muscle strength of shoulder external and internal
rotators in handball athletes. Maximal voluntary
isometric contraction (MVIC) was evaluated during
and after the application of anodal and sham current

to test the modulatory and plastic effects of tDCS on
isometric muscle strength, respectively.

METHODS

Subjects

This randomized, double-blind, placebo-controlled
crossover study included eight female handball
athletes participating in regional and national com-
petitions (Table 1). All participants were in the pre-
season training period and were instructed not to
perform any kind of strenuous exercise and not to
ingest alcoholic or caffeinated drinks during the two
weeks of data collection. Athletes with suspected
or confirmed pregnancy, complaints of pain in the
upper limbs with intensity > 3, evaluated by numeri-
cal pain rating scale (NPRS 0-10), medical history or
personal report of epilepsy or convulsive event, or
the use of drugs with central action were excluded.
The study was approved by the local Research Eth-
ics Committee under the protocol number 269.011
and the participants signed the informed consent.

Experimental paradigm

The study was conducted in two weeks. In the first
week, the participants were randomly distributed
based on an online generating random numbers
software (www.randomization.com) into two groups:
(1) real anodal tDCS or (2) sham anodal tDCS. The
randomization and allocation concealment were
carried out by an external collaborator, not involved
in the study, through individual opaque envelopes
containing the identification number of the partici-
pants and their type of stimulation (real / sham). In
the second week the type of stimulus was inverted
between the participants. Muscle performance eval-
uation was carried out (1) immediately pre-tDCS,
(2) during tDCS (after 13 min); (3) 30 minutes post-
tDCS, and (4) 60 minutes post-tDCS. Evaluations
during and after the application of anodal current

Table 1. Participant’s characteristics

Variable Mean (SD)
Age (years) 19.7 (2.3)
Body Mass (Kg) 64.9 (7.9)
Height (m) 1.66 (0.5)
Handball experience (years) 7.8 (4.5)
Week training (hours) 31 (10.0)
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were designed to test the modulatory and plastic
effects of tDCS, respectively. The same researcher
performed all the evaluations. He did not know the
characteristics of the applied stimulations (real or
simulated), nor did the participants.

Muscle Strength Evaluation

Initially, the participants were instructed to perform
warm-up exercise for five minutes on an upper body
ergometer. Afterwards, they made two attempts of
submaximal isometric voluntary contraction of the
external and internal rotator muscles, in the domi-
nant limb, to familiarize themselves with the meth-
ods of muscle strength evaluation. One minute of
rest was allowed between contractions. The maxi-
mum voluntary isometric contractions of the inter-
nal and external rotator muscles in the dominant
limb were collected. To minimize the risks of mus-
cle fatigue during MVIC tests, all participants were
allowed a rest interval of one minute between con-
tractions.!® Counter-balancing of the rotator muscles
was performed to minimize the participant’s learn-
ing factor. To perform the tests, the hand held dyna-
mometer (MIcroFet2, Hoggan Health industries,
USA) was positioned at the athlete’s wrist area (2cm
below the radial styloid process) on the dorsal aspect
of the wrist to test the lateral rotators, and ventral
aspect to test the internal rotators.'®

A rigid band was used to stabilize the dynamometer.
The participants remained in the supine position,
with shoulder at 90° of abduction and the elbow
was flexed to 90°.17 During the test the assessor sta-
bilized the participant’s shoulder to avoid accessory
movements (Figure 1).

Anodal tDCS

Anodal tDCS was applied through a battery pow-
ered DC generator (Activadose II, USA) using two
electrodes measuring 5 x 7cm (35cm?) (Ibramed,
Brazil) covered with an electrode sponge, saturated
with physiological saline solution, and fixed onto the
head by means of velcro straps. The electrodes were
mounted in accordance with the International 10-20
EEG System'® for optimal focalization of the primary
motor cortex.

The electrode with the positive charge (anode -
excitatory pole) was positioned at C3 or C4 (contra-

Figure 1. Manual muscle testing with a hand-held dynamom-
eter during tDCS application. Anodal pole positioned over M1
contralateral to the evaluated upper limb. Cathodal pole posi-
tioned over ipsilateral supraorbital contralateral to anode pole.

lateral to the dominant limb), and the electrode with
the negative charge (cathode - inhibitory pole) in
the ipsilateral supraorbital region of the dominant
limb (Figure 1). Real tDCS was applied with electric
current amplitude of 2 mA, electric current density
of 0.057 mA/cm? for 20 minutes. Sham tDCS was
applied with the same parameters, maintaining the
electrodes in place for 20 minutes over the head, but
stimulation was on for only the first 30 seconds.'’

During the application of tDCS the participants
remained seated. After 13 minutes of stimulation,
they laid down on the stretcher for the MVIC evalua-
tion, corresponding to time interval 2 (during tDCS).
The decision was made to wait until 13 minutes of
stimulation had passed, because previous studies
have demonstrated that this was the minimum time
required to obtain an increase in cortical excitability
for up to 1.5 hours.?’ The adverse effects were evalu-
ated after each application through spontaneous
reports of any unpleasant sensations such as burn-
ing, tingling, itching, headache, or nausea.

Statistical Analysis

The averages of three maximum contractions in
each time interval were analyzed separately with
regards to the external and internal rotator muscles.
Normalization of the data was performed by using
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the body mass (kg) of each participant.! Differences

in the MVIC of the rotator muscles within evaluation
time points and between real and sham stimulation
were calculated using linear mixed models by using
group, time and group-versus-time interaction terms.
Post hoc tests with Bonferroni corrections were
used when necessary. Mean differences of MVIC
at baseline between the first and second week were
analyzed by paired t-tests for external and internal
rotator muscles. Level of significance was established
at p < 0.05. The analyses were performed using the
software program IBM SPSS v.20 for Windows.

RESULTS

No adverse events were reported during and after
application of the intervention protocols. Paired
t-tests showed no differences between the means
of MVIC in the baseline interval between the first
and second week, for external (t, = 0.03, p = 0.98)
and internal (t, = 10.50, p = 0.18) rotator muscles.
Intraclass correlation coetficient (ICC) showed good
to excellent intra-rater reliability between week 1
and week 2 for baseline measures of external rota-
tion (ICC = 0.94; 95%CI = 0.72 to 0.99). For inter-
nal rotation ICC showed poor to excellent intra-rater
reliability (ICC = 0.72; 95%CI = 0.37 to 0.94).

Significant differences within time intervals were
observed for external and internal rotator muscles.
Compared to baseline, MVIC increased significantly
during, after 30 and 60 minutes for real but not for
sham tDCS for external rotation. Internal rotation
increased significantly after 30 and 60 minutes for

real but not for sham tDCS (Table 2). Between-group
differences were observed for external and internal
rotator muscles. Maximal voluntary isometric con-
traction increased significantly during tDCS, and 30
and 60 minutes post-tDCS for real tDCS than during
sham tDCS (Table 2).

DISCUSSION

The aim of this study was to investigate whether
anodal tDCS applied to the motor cortex has ergo-
genic effects on isometric strength of shoulder mus-
cles in handball players. The results showed that
anodal tDCS can induce a temporary and progres-
sive increase in MVIC of shoulder rotator muscles,
which did not happen in sham tDCS intervention.

Compared to baseline muscle strength, real tDCS
improved 10.2, 18.6 and 19.3% for external rotation
during and after 30 and 60 minutes post-stimula-
tion, respectively. Internal rotation muscles showed
improvement of'5.6%, 11.1% and 15.1%, respectively.
For sham tDCS no improvements were observed for
external and internal rotation in all time frames ana-
lyzed. When compared to sham tDCS, stimulation
results also showed increases in MVIC during and
after tDCS for external and internal rotator muscles.
These results indicate that tDCS can temporarily
induce an incremental increase in maximal isomet-
ric strength of shoulder rotators in previously physi-
cally conditioned subjects.

There is some evidence in the literature that tDCS
influences fatigue and muscle strength in normal

Table 2. Mean (SD) for external and internal muscle strength (N/Kg) across intervals and mean difference

(95% CI) within and between groups

tDCS intervals Within-group differences Between-group differences®
External TO T20 TS0 T80 T20-T0 T50-T0 T80-T0 T20 T50 T80
Rotation
* * *
Real tDCS 0.9 1.0 1.1 1.1 0.1 0.2 0.2
(0.1) (0.1) (0.2) (0.2) (0.0 to 0.2) (0.1t0 0.3) (0.1t00.3) 0.1* 0.2* 0.2*
(0.0 t0 0.2) (0.1t00.3) (0.1t00.3)
Sham tDCS 0.9 0.9 0.9 0.9 0.0 0.0 0.0
(0.2) (0.2) (0.1) (0.1) (-0.1t0 0.1) (-0.1t00.1) (-0.2t0 0.1)
Internal
Rotation
* *
Real tDCS 0.9 1.0 1.1 1.1 0.1 0.1 0.1
(0.1) (0.1) (0.1) (0.1) (0.0 to 0.2) (0.0 to 0.2) (0.0 t0 0.2) 0.1* 0.1*% 0.1*
(0.0 to 0.2) (0.0 to 0.2) (0.0 t0 0.2)
Sham tDCS 0.9 0.9 0.9 0.9 0.0 0.0 0.0
(0.1)  (0.1) (0.2) (0.2) (-0.1t0 0.1) (-0.1t00.1)  (-0.1t00.1)
tDCS: Transcranial direct current stimulation. TO: Baseline; T20: 20min of stimulation; T50: 30min post-stimulation; T80: 60min post-stimulation. “Between-group
differences are adjusted. *Significant difference (p<0.05).
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volunteers. Cogiamanian et al. found increased iso-
metric force endurance in a submaximal isomet-
ric contraction of elbow flexors after 10 minutes of
anodal but not cathodal tDCS applied over the motor
areas of the cerebral cortex (1.5mA, 0.043mA/
cm?).% In a similar protocol of submaximal contrac-
tion of elbow flexors, Williams et al. demonstrated
that anodal, but not sham tDCS (1.5mA, 0.043mA/
cm?) enhanced time to task failure during but not at
the end of task execution. For lower limbs, Tanaka
and collaborators demonstrated that 10 minutes of
real but not sham or cathodal tDCS applied to the
motor cortex (2mA, 0.057mA/cm?) could temporar-
ily enhance maximal leg pinch.

A reasonable explanation for these improvements in
muscle strength is that the enhancement of corti-
cospinal excitability via tDCS may alter motor unit
recruitment strategies.”'"'> Hence, as more motor
units are recruited, more muscle strength is gener-
ated. Although the authors’ did not measure muscle
activation, the current results are likely to be more
related to optimization of neuromuscular function
than other effects (such as motivational effects), as
the same participants were assessed in both condi-
tions in the crossover design.

In the current study, changes in MVIC during real
stimulation indicated that tDCS technique could
positively modulate the isometric strength of exter-
nal and internal shoulder rotators in handball play-
ers. Muscle imbalance, as represented by the ratio
of external to internal rotators, is often present in
handball players'* and may lead to injury.** tDCS
could be applied as a complementary tool in muscle
strengthening programs to help counteract these
imbalances in combination with specific exercises,
as this transitory increment in muscle strength per
se does not necessarily result in improved sports
skills if considered as an unique intervention.’

In this context, tDCS could act to increase sports
performance through facilitating the activation of
corticospinal tract and potentiating the entire motor
pathway. Favorable results have been demonstrated
when tDCS is associated with active exercises. Anodal
tDCS (2mA, 0.08mA/cm?) combined simultaneously
with voluntary exercise produces a two-fold increase
in the amplitude of motor excitability compared with

tDCS or exercise alone.?® Nonetheless, the effect of
tDCS combined with exercise seems to be depen-
dent on the characteristic of exercises, such as type
of muscle contractions.?* It is possible that tDCS has
a relevant effect in specific physical fitness and in
specific conditions. The “ideal” protocols for motor
cortex modulation that fit the needs of athletes and
coaches still need further investigation.

The present study has some limitations and fac-
tors that may have influenced the results. (1) Small
sample size: Given the high variability between sub-
jects during and after tDCS application these results
must be replicated with large samples; (2) Variabil-
ity in muscle representation in the primary motor
cortex: transcranial magnetic stimulation was not
utilized to determine the hot spot for external and
internal muscle rotators in the cortex, which would
have helped to potentiate the effects of the interven-
tion; (3) The authors did not include cathodal stimu-
lation. Although many studies have demonstrated
that cortical excitability is polarity-dependent,*%
other studies have verified that anodal polarity may
exert an inhibitory effect during motor tasks®® just
as cathodal polarity may exert an excitatory effect
according to the intensity of stimulation.?” Future
studies should include cathodal stimulation to inves-
tigate if the effects of tDCS on muscle strength are
dependent on the polarity.

CONCLUSION

The results of this randomized, crossover trial indi-
cate that transcranial direct current stimulation
temporarily increases the isometric strength of the
shoulder rotator muscles in handball players.
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